INTRODUCTION
Basolateral K + conductance via K ir 4.1 and K ir 4.1/5.1 is the major contributor to the whole cell 184 current recorded from the basolateral side in CCD principal cells 185 186 CCD is known to contain principal (70% from total cell population) and intercalated (the 187 remaining 30%) cells, which are presumably not electrically coupled (41) . Indeed, we 188 detected two independent cell populations maintaining resting membrane potential of -70.2 ± 189 1.9 mV (n = 12) and -14.3 ± 2.5 mV (n = 7), as was assessed in current clamp mode in 190 patches on the basolateral membrane of freshly isolated CCDs ( Figure 1A) . These values 191 are close to the estimated reversal potentials for K + (first group) and Cl -(second group) 192 assuming physiological distribution of the ions. These groups are consistent with principal 193 and intercalated cells known to have predominantly potassium and chloride basolateral 194 conductance, respectively (23). In further studies, we focused exclusively on principal cells. 195 A typical whole cell current in response to voltage step protocol is shown in Figure 1B . As is 196 clear from the respective current-voltage relation (I-V) in Figure 1C , whole cell current 197 demonstrates a noticeable rectification at negative voltages. Extracellular application of 30 198 μM Ba 2+ and equimolar substitution of intracellular K + by Cs + to block K + channels drastically 199 reduces the amplitude of the steady-state current directly indicating its K + -dependent nature 200 ( Figures 1B, D) . 201 Basolateral membrane of principal cells is known to contain K ir 4.1/5.1 potassium 202 channels and electrogenic Na + -K + ATPase (40). Indeed, Figure 2 demonstrates the 203 immunolocalization of K ir 4.1 and K ir 5.1 channels on the basolateral membrane in mouse 204 kidney cortex. Double immunofluorescence staining studies using antibodies against K ir 5.1 and the collecting duct specific marker, water channel AQP2, revealed co-localization within 206 the CCD. In addition, there is a clear staining in some tubules not positive to AQP2 ( Figure   207 2A). Double immunofluorescence staining with the specific marker of distal convoluted 208 tubule, thiazide-sensitive NCC and K ir 4.1 revealed co-localization of K ir 4.1 with NCC in DCT.
209
Similarly, there is a staining in tubules not positive for NCC, which most likely represents 210 expression in CCD ( Figure 2B ). No positive staining were observed in glomeruli and proximal 211 tubules. Therefore, both K ir 4.1 and K ir 5.1 proteins appeared localized in the basolateral 212 membranes of cortical collecting duct and distal convoluted tubules, as it was reported 213 previously (20).
214
Both electrical currents across the apical and basolateral membranes can contribute to 215 the whole cell current. We next determined their relative contribution upon forming a patch on 216 the basolateral membrane. Amiloride is known to inhibit epithelial sodium channels (ENaC) 217 thereby eliminating driving force for the apically localized renal outer medullary potassium 218 (ROMK) channels. However, treatment with amiloride (10 µM for 3 min) has no apparent 219 effect on the amplitude of the whole cell current ( Figures 3A, B ) suggesting a minor 220 contribution of the apical membrane and the recorded whole cell current represents chiefly 221 the basolateral conductance. Consistently, inhibition of the apically localized ROMK channels 222 with a selective antagonist Tertiapin-Q (TPNQ, 100 nM for 3 min) also does not inhibit the 223 whole cell current ( Figures 3A, C) . These results support the concept that the basolateral 224 membrane has much higher conductance than the apical and therefore the monitored whole 225 cell current flows predominantly across the basolateral membrane.
226
To further explore the molecular identity underlying the basolateral K + conductance, we 227 treated freshly isolated CCDs with the pump blocker ouabain (100 μM for 3 min). We 228 detected just a minor trend towards reduction of the whole cell current and depolarization, but 229 it was not statistically significant (Figures 3A, D) . Prolonged treatment with ouabain has detrimental consequences to cellular health, which precluded patch clamp analysis of this 231 condition. This is consistent with the view that the activity of K ir 4.1 and K ir 5.1 potassium 232 channels on the basolateral membrane is the chief contributor to the whole cell current in PC 233 of freshly isolated CCDs.
234
There are no specific commercially available inhibitors of K ir 4.1/5.1 channels.
235
Although, it was previously reported that fluoxetine (serotonin reuptake blocker) and 236 nortriptyline (tricyclic antidepressant) are potent inhibitors of homomeric K ir 4.1 channels 237 heterologously expressed in HEK293T cells (25, 36) . Whereas fluoxetine (100 µM for 4 min) 238 had only a minor effect ( Figure 4A ), nortriptyline (100 µM for 4 min) virtually abolished 239 macroscopic whole cells current in CCD principal cells ( Figure 4B ). These results are 240 consistent with the concept that fluoxetine affects only monomeric K ir 4.1 and nortriptyline can 241 also target K ir 4.1/5.1 channels. Furthermore, our observations strongly argue that activity of 242 the heteromeric K ir 4.1/5.1 is the major contributor for the K + -selective whole cell current 243 recorded from the basolateral side in CCD principal cells. Insulin, by acting on its basolateral receptors, is known to stimulate ENaC activity in 249 principal cells to promote Na + reabsorption (35). We next asked whether insulin also 250 modulates activity of the basolateral K + channels to affect trans-epithelial voltage. Acute 251 insulin application significantly increases the amplitude of whole cell current from 688 ± 119 252 pA to 1096 ± 52 pA during the steady state ( Figures 5A, B ). Insulin washout returned the 253 current to control values of 729 ± 77 pA, indicating a reversible nature of this stimulation. Figure 5C shows the average I-V relations for the whole cell current of PCs in the control and 255 during insulin treatment. Of note, insulin also causes a shift of the reversal potential towards 256 more negative values ( Figure 5C ) which is consistent with hyperpolarization of the basolateral 257 membrane. Importantly, stimulatory actions of insulin were precluded in the presence of 258 nortriptyline ( Figures 6A, B ). This suggests that activation of K ir 4.1/5.1 plays a central role in 259 augmentations of whole cell current in response to insulin. 260 We next directly monitored insulin actions on this channel using cell attached 269 has no effect on basal K ir 4.1/5.1 activity but abolishes stimulatory effect of insulin ( Figure 7C) cells is another technical difficulty to overcome. It was assessed that potassium conductance 329 of the basolateral membrane in principal cells is greater than that of the apical membrane by 330 a factor of 10 (11). Thus, the measured whole cell current supposedly predominantly reflects 331 ion fluxes across the basolateral membrane, and the contribution of apical membrane should 332 be minimal. Indeed, we did not observe noticeable changes in the amplitude of the whole cell 333 current in principal cells upon inhibition of ENaC and ROMK channels (Figure 3) . One may 334 argue that limited diffusion into the collapsed lumen of a non-opened CCD may explain 335 inefficiency of the antagonists to affect the recorded macroscopic current. However, we 336 isolated CCDs of only several millimeters in length and we did not observe a decrease in 337 current in cells located close to the tubular sides upon inhibition of the apical conductance.
338
Interestingly, Palmer and colleagues did see a moderate decrease in whole cell current 339 amplitude in response to ROMK inhibitor TNPQ (100 nM) when patches were made on the 340 apical side (11). Thus, it is possible that the presence of the basal lamina, which needs to be 341 otherwise enzymatically digested in order to make a seal on the basolateral side, blunts 342 conductive properties of the basolateral membrane. In support of this assumption, the same 343 group did not detect an effect of TNPQ in non-split-opened CCD (8). In any case, it does not 344 seem accurate to precisely quantify changes in the apical conductance due to the apparent 345 shunting effect of the basolateral membrane. 346 We also did not detect any significant contribution of the electrogenic Na + -K + ATPase 347 to the electrical conductance in CCD principal cells (Figure 3 ). High concentration of ouabain 348 acutely produced only a tendency to reduce whole cell current and did not elicit an apparent 349 depolarization. Our results are coherent with previous studies estimating the current 350 generated by the pump in CCD as ~35 pA/cell (26), suggesting that Na + -K + ATPase activity is 351 essential for establishing ion gradients but not for dynamic ion fluxes. Indeed, we did observe 352 cell swelling and decay if ouabain was applied for more than 30 min. We and others reported that heteromeric K ir 4.1/5.1 is the most commonly observed K + channel in the basolateral Figure 1B in the control, after 3 min treatment with insulin (100 nM) and followed washout with 
